The American public is overwhelmed by the amount of water resource information that they are exposed to every day. The purpose of this 15-year study was to determine the information sources that are most widely used by the public and relate this information to water educators. A mail-based survey process assessed: (1) public-preferred water information sources, (2) public-preferred learning opportunities, and (3) events that cause people to change their minds about a water issue. The same survey process was conducted in 2002, 2007, 2012, and 2017 in the four Pacific Northwest states. All four surveys received a response exceeding 50%, resulting in a sampling error of less than 5%. In 2002 newspapers, television, and environmental agencies were the major water information sources used by the public. Only 14.8% of survey respondents considered the Internet a major water information source in 2002; however, by 2017 over 60% of adults were using the Internet for water information. The demographic factors of age and education level affected the usage of information sources. Visiting a website was not considered an important learning opportunity in 2002 (11.5%); however, by 2017 over 80% of the public considered visiting a website as their best learning opportunity for water information. Visiting websites also eclipsed reading printed fact sheets as the most popular learning opportunity by 2017. This study is important because it shows educators the best way to reach the public in the Pacific Northwest with water resource information.
W ater is the most important natural resource in the states of the Pacific Northwest. Since 1988 under the initial leadership of the George H. Bush administration, water resources have been a high priority program area within the US Department of Agriculture (USDA). This priority evolved into a cooperative research, extension, and instructional effort between the USDA's National Institute of Food and Agriculture (NIFA) and land-grant institutions (LGIs) across the country. This effort led to national, regional, state, and local programs that targeted the following aspects of water resources: animal waste management, drinking water and human health, pollution assessment and prevention, environmental restoration, nutrient and pesticide management, watershed management, water conservation and management, and water policy. All states and territories participated in this program (Shepard, 2002) . As a consequence of federal, state, and local support over the last 28 years, significant financial and human resources have resulted in the development of many successful extension-based water programs that have been delivered to the public.
Land-grant institutions along with schools (K-12); local, municipal, and state governments; federal agencies; nongovernmental organizations; businesses; political groups; and individuals have all become involved in water education in the last 25 years. In fact, basic water information, which was relatively scarce 50 years ago, has exploded and has actually become excessive and confusing to the average American consumer (Kovach and Rosenstiel, 2011) . A portion of the available water information is not science-based and can confuse consumers. This excess of information has been referred to as data smog (Shenk, 1997) . This recently developed problem makes it imperative that LGIs provide their science-based information in a way that consumers can find it and rely on it.
The National Water Survey Needs Assessment Program was first developed in 2001 as an assessment tool (survey) to analyze public opinions, attitudes, and behaviors toward water resource issues . To date, this national project co-sponsored by USDA-NIFA and LGIs have collected more than 500,000 base line data points from citizens residing in 41 states and 6 entities associated with the United States (American Samoa, Guam, Republic of the Marshall Islands, Federated States of Micronesia, Palau, and the Northern Mariana Islands). This rich data set can be used by extension educators to develop programs for the public. Information from this data set has also been used to develop papers on various water quality and water quantity topics in the last 10 years (Clay et al., 2007; Wawrzynek et al., 2007; Mahler et al., 2008 Mahler et al., , 2010 Borisova et al., 2012 Borisova et al., , 2013 Adams et al., 2013; Boellstorff et al., 2013; Brauer et al., 2012; Gholson et al., 2018) . A portion of this data set examines the media sources that the public use to obtain information on water resources.
Extension water educators from the five LGIs in the Pacific Northwest states (Northwest Indian College, Oregon State University, University of Alaska, University of Idaho, Washington State University) developed the survey questions, conducted the mailing process, and tabulated the results in this statistically designed process in 2002, 2007, 2012, and 2017 to understand the impact of different media on public perceptions of water resource issues. This knowledge would allow extension to develop better water outreach programs for citizens of the region. This article examines water resource information sources and preferred learning opportunities in the Pacific Northwest between 2002 and 2017.
MaterIals and Methods
A survey instrument containing approximately 60 questions was developed by extension water professionals at the five Pacific Northwest LGIs to assess public attitudes, priorities, and concerns about water resource issues in the US Pacific Northwest. This survey was first designed in 2001 and distributed to the public in 2002 (Mahler et al., 2010) . Identical survey questions were administered again in 2007, 2012, and 2017 . Consequently, all four surveys contained the following three identical questions:
1. Have you received water resources information from the following sources (check all that apply)? Choices: cable television, network television, public television, local newspapers, major newspapers, extension, universities, schools (K-12), environmental agencies, environmental groups, magazines, radio, Internet, friends and family. 2. If you had the following kinds of opportunities to learn more about water issues, which would you be most likely to take advantage of (choose up to three items)? Choices: read printed fact sheets, bulletins, or brochures; visit a website; attend a short course or workshop; look at a demonstration or display; read a newspaper article or series; watch TV coverage; watch a video (or DVD) of information; take part in a one-time volunteer activity (i.e., water monitoring, restoration, education); take a course for certification or credit; get trained for a regular volunteer position; learn how to conduct a home assessment; attend a fair or festival. 3. Have you ever changed your mind about an environmental issue as the result of (check all that apply)? Choices: news coverage; conversations with other people; attending public meetings or participating in volunteer activities, classes, or presentations; speech by elected official; firsthand observation; financial considerations. The survey target audience was the 9 million adult residents of the four Pacific Northwest states (Alaska, Idaho, Oregon, Washington). In addition, demographic information including state of residence, community size, length of time residing in the region, gender, age, and educational level were also collected from survey respondents.
In each survey year, a target of 1000 completed questionnaires was chosen as the survey goal to result in a sampling error of 3 to 5% (Dillman, 2000; Salent and Dillman, 1994) . The survey process was designed to receive a completed survey return rate exceeding 50%. Addresses were obtained from a professional social sciences survey company (SSI, Norwich, CT). Four mailings were planned to achieve the desired 50% return rate (Dillman, 2000) . The mailing strategy used was identical in all four survey years that had been conducted in the region since 2002 (Mahler et al., 2010) .
It only took three mailings to achieve the target return rate of 50% in 2002, 2007, and 2012 . It took four mailings to achieve the 50% return rate in 2017. The first mailing included the water issues survey form, a business reply envelope, and a cover letter that (1) identified the survey's authors, (2) explained the purpose of the survey, (3) assured the respondent of anonymity, and (4) asked the respondents to fill out and return the survey via the business reply envelope. The second mailing (4 weeks later) was sent to residents who did not respond to the first mailing, and consisted of a postcard that stressed the importance of the survey and reminded the respondent to fill out and return the survey sent out in the first mailing. Five weeks later the third mailing was sent to residents who did not respond to the first or second mailing. This mailing included a reminder letter, another copy of the water issues survey, and a business reply envelope. The fourth mailing, used in 2017, consisted of a reminder postcard to non-respondents of the first, second, and third mailings 6 weeks after the third mailing.
Survey answers were coded and entered into Microsoft Excel. Missing data were excluded from the analysis. The data were analyzed at two levels using SAS (SAS Institute, 2004) . The first level of analysis generated frequencies, whereas the second level evaluated the impacts of demographic factors. Significance (P < 0.05) to demographic factors was tested using a chi-square distribution (Babbie, 1983; Salent and Dillman, 1994) . Since similar survey procedures and response rates were observed in all four survey years, data analysis procedures were identical for each survey. Chi-square distributions were used to evaluate differences between demographic factors.
results and dIscussIon
All four survey years achieved a survey return rate more than 50%. This high response rate, coupled with the survey design, assured that the survey results achieved values that were within a sampling error of less than 5% (Dillman, 2000) . When averaged over the 4 survey years, 51.4% of the survey respondents were male. Over 41% of survey respondents lived in communities of more than 100,000 people. Conversely, 16.2% of respondents lived in towns with less than 7000 people. Almost half of the survey respondents attended at least 1.5 years of college. The demographics of the survey respondents mirrored data from the 1990, 2000, and 2010 US census (US Department of Commerce, 2016). Thus, the survey respondents were representative of the actual adult population living in the Pacific Northwest. Consequently, when coupled with the low sampling error of the survey, respondents can be equated to residents (and thus the words are used interchangeably in the following discussion).
Preferred Information sources
Water resources information sources reported by survey respondents in 2002, 2007, 2012, and 2017 Both newspapers and environmental agencies were less important water information sources to the public in 2017 compared with 2002. All information sources except for the Internet, schools (K-12), and television were less used in 2017 as a source of water information than in 2002 (Table 1 ). The use of the Internet as a water information resource more than quadrupled during the 15-year survey study period. Based on the tabulated data, the Internet became an important water resource information source by 2012 (Table 1) . The demographic factors of education level and age affected the use of water information sources by survey respondents in 2017. Conversely, the demographic factors of community size, state of residence, and gender had minimal impact on the selection of important water sources by survey respondents. Age of survey respondents had a significant impact on the choice of water information sources-the Internet (p < 0.001), television (p < 0.001), newspapers (p < 0.006), schools (K-12) (p < 0.04), extension (p < 0.001), magazines (p < 0.001), and radio (p < 0.001) ( Table 2) . Conversely, respondent age did not impact the importance of environmental agencies, environmental groups, and universities as water information choices. Respondents younger than 40 years old were much more likely to use the Internet to find water information than those 40 or older (Table 2) . Respondents older than 39 were more likely to say that television and newspapers were a major water information source than younger respondents (Table 2) . Although not cited by the majority of public as major water information sources, age also impacted the use of extension, magazines and radio. All three of these information sources were more often used by respondents older than 39 years old than by younger respondents ( Table 2) . The demographic factor of education level had a significant impact on the choice of the Internet (p < 0.001), television (p < 0.001), newspapers (p < 0.03), universities (p < 0.007), extension (p < 0.001), and radio (p < 0.02) as water information sources of survey respondents in 2017 (Table 3) . Conversely, education level did not impact the importance of environmental agencies, environmental groups, schools (K-12), and magazines as water information choices. More (Mahler et al., 2010) . than 75% of respondents with a partial or complete college education used the Internet as a water information source in 2017 (Table 3) . Conversely, residents with only a high school diploma or less were less likely to find water information on the Internet. The public with less formal education were more likely to cite television as a water information source than college-educated respondents. A majority of respondents with a high school diploma or some college education used newspapers as a primary water resource information source. People with a higher level of education were more likely to obtain water information from universities, extension, and radio than the public with less formal education. Age and educational level are the two demographic factors that are most important in determining water information sources used by the public. It is likely that income level is also a relevant demographic factor; however, this survey study did not ask income level questions of respondents. Income levels were not asked because many rural sociologists believe that income level questions reduce overall survey response rate.
Preferred learning opportunities
Survey respondents were asked to choose up to three preferred opportunities to learn more about water resources in 2007, 2012, and 2017 (Table 4 ). In 2007, more than 50% of respondents preferred reading newspaper articles, reading printed fact sheets, and watching television coverage as their preferred way of learning about water resources. In 2012, a majority of respondents still chose reading printed fact sheets and watching television coverage; however, there was a significant drop in those preferring to read newspaper articles compared with 2007 survey results (Table 4 ). In 2017, visiting a website was the overwhelmingly preferred learning opportunity for water resource information.
When the 2007 and 2017 survey results were compared, the only water resource learning opportunity increasing in popularity was visiting a website (p < 0.001). Conversely, the water resource learning opportunities of reading printed fact sheets, watching television coverage, reading a newspaper article, and looking at a demonstration or display were less popular in 2017 than in 2007 (p < 0.05 for all listed learning opportunities). The preference of watching a video or attending a short course did not change over the study period. Even though the popularity of the learning opportunity of reading a printed fact sheet to obtain water resources information declined, it should be noted that many people who currently use the Internet (visit a website) to obtain water information do access fact sheets that are often downloaded and/or printed.
The demographic factors of age and education level affected the preference for different types of opportunities to learn about water resources. However, the demographic factors of gender, state of residence, and community size had minimal impact on the selection of water resource learning opportunities. Respondent age had a significant impact on each water resource learning opportunity evaluated in 2017 (Table 5) . As expected, younger respondents were more likely to want to take advantage of visiting a website to learn about water resources than older respondents (Table 5) . Respondents over 39 years old were more likely than their younger peers to want to embrace reading fact sheets, television coverage, newspaper articles, watching videos, viewing demonstrations or displays, and attending short courses about water as learning opportunities. Based on age alone, the learning opportunity of using the web for water information has replaced the importance of all other options to learn about water for younger respondents. The demographic factor of educational level had an impact on answers to the water resource learning opportunities of visiting a website, reading printed fact sheets, watching television coverage, reading newspaper articles, watching videos, and attending a short course (Table 6 ). Increasing educational level was significantly related to survey respondents wanting the water resource learning opportunities of visiting a website and reading newspaper articles in 2017 (Table 6 ). It should be noted that both activities are active learning events. Conversely, respondents with less formal education were more likely to prefer the learning opportunities of reading printed fact sheets, watching television coverage, and watching a video about water resource information. It is important and interesting that there was such a strong relationship for learning opportunities as a consequence of educational level. This finding should allow educators to correctly match learning opportunities with the educational level of their audience.
----------------% wanting opportunity -----------------

causes of opinion change
Between 46.2 and 50.5% of Pacific Northwest residents changed their mind about a water resource issue due to news coverage on television, newspapers, or the Internet between 2002, 2012, and 2017 (Table 7) . Trends over time were not apparent. News coverage was the most important factor affecting opinion change. Conversations with people Table 7 . Responses to the question, "Have you ever changed your mind about an environmental issue as the result of…" based on 2002, 2012, and 2017 Pacific Northwest regional water issues survey.
Event(s) Changed mind
Significance 2002 2012 2017 and firsthand observations resulted in between one-fifth and one-third of residents changing their minds about a water issue (Table 7) . Both conversations with people and firsthand observations were more important in 2017 than in 2002 in affecting opinion change. Financial considerations, classes or presentations, public meetings, and speeches by elected officials were events that had no impact on Pacific Northwest citizen opinion change about water resource issues over the last 15 years. Ironically, the lowest impact event, speeches by elected officials, resulted in many hand-written comments on the survey form that were sarcastic in nature.
suMMary and conclusIons
This study shows educators the best way to reach the public in the Pacific Northwest regarding water resource issues. Residents of the Pacific Northwest are concerned about water resource issues and they regularly look for information about specific water topics. The type of information sources used by the public have significantly changed in the last 15 years. Consequently, educators need to change the way they convey their science-based water resources information to the public to reach the widest targeted audience possible. Personal communications with other extension professionals across the country support the findings in the Pacific Northwest-as consumers have become more reliant on the Internet as a source of water information since 2002. The important conclusions of this article are as follows:
• Primary water information sources used by the Pacific Northwest public have changed since 2002. In 2017 a majority of people considered the Internet (63.0%), television (58.2%), and newspapers (52.3%) to be their primary sources of water resources information.
• The use of the Internet and schools (K-12) as important water resource information sources have increased since 2002.
• The use of newspapers, environmental agencies, environmental organizations, extension, magazines, and radio as public water resource sources have significantly declined since 2002.
• The demographic factor of age affected primary water resource information sources. Residents younger than 40 years old were more likely to use the Internet for water information than older residents. Conversely, older residents were more likely to prefer television, newspapers, schools, extension, magazines, and radio for water information.
• The demographic factor of education level affected primary water resource information source. Residents with some exposure to college were more likely to use the Internet, universities, extension, and radio as water resource information sources than residents who did not attend college. Conversely, residents without exposure to college were more likely to rely on television as their water resource information source.
• By 2017, 81.2% of Pacific Northwest residents considered visiting a website as an important water resource learning opportunity. This is in sharp contrast with data from 2002 that showed less than 20% of the public considered visiting a website a learning opportunity.
• The demographic factor of age affected the type of water resource learning opportunities chosen by Pacific Northwest residents. Residents younger than 40 overwhelmingly preferred visiting a website compared with older residents. Conversely, older residents preferred the learning opportunities of reading printed fact sheets, television viewing, reading newspapers, and watching videos.
• The most used information sources findings of this study are in line with other studies reported in the environmental literature. Several studies have also shown that age, educational level, and income level have an impact on information sources used by consumers.
• The demographic factor of educational level affected preferred water resource learning opportunity choices. Over 70% of respondents with a high school diploma or college education chose visiting a website as a preferred learning opportunity. College educated respondents were more likely to choose reading a newspaper as a preferred learning opportunity than respondents with less formal education.
• News coverage (television, newspapers, Internet) was the most likely type of event to cause residents to change their mind about a preconceived water resource issue.
• As water resource mind changing events, conversations with other people and firsthand observations have become more important over time (2017 vs. 2002) .
• Long-term data sets, such as those collected in this study, allow educators to track consumer habits and to make sure that newly developed educational materials are delivered to consumers in the most appropriate and effective manner.
• Public meetings, speeches by elected officials, classes or presentations, and financial considerations have had minimal influence on changing opinions about water resource issues. There has been no change in the impact of these events over time (2017 vs. 2002) .
